unique collection of these strains has been created in the Department of General Microbiology (University of Łódź, Poland) and comprises 133 P. penneri strains isolated from diverse clinical sources from different sites in the world. The serological and chemical studies of P. pen neri LPSs have led to classifying 19 P. penneri strains to the existing Proteus O-serogroups and the other 97 P. penneri strains to the new selected O-serogroups consisting of the strains of this species only (Drzewiecka et al., 2004; Knirel et al., 2000; Knirel et al., 2011; Kondakova et al., 2003a Kondakova et al., , 2003b Sidorczyk et al., 2002a Sidorczyk et al., , 2002b Shashkov et al., 2000; Zych et al., 2000a Zych et al., , 2000b Zych et al., , 2005a Zych et al., , 2005b . Four of 133 P. penneri strains appeared to be rough forms without the O-polysaccharide part in their LPSs (Sidorczyk and Zych, 1993; Zych and Sidorczyk, 1989) . Only one strain from this collection, P. penneri 97, remained without a defined O-serogroup. Other authors proposed to classify this strain to a new separate Proteus O-serogroup since the antiserum against this strain did not react strongly with any LPSs from strains representing all known Proteus O-serogroups (Drzewiecka et al., 2004) . Unfortunately, the antiserum against this strain appeared to contain core-specific antibodies mainly (P. penneri 97 LPS has very short O-polysaccharide chains) and there was no similar LPS to compare with.
To complete the classification of 128 P. penneri strains the next 12 P. penneri strains were selected for this work.
were described in detail elsewhere (Palusiak et al., 2008; Sidorczyk et al., 2002c) . In PIH, sheep red blood cells were coated with a maximum concentration of alkalitreated LPSs (200 µg/0.2 ml of sheep red blood cells).
The serological characterization of the Proteus pen neri 3, 5, 6, 7, 9, 12, 14, 17, 23, 40, 47 and 135 strains is presented. In the preliminary studies the reactivity of all tested LPSs was checked in ELISA with the selective polyclonal rabbit antisera specific to the Proteus sp. strains representing all defined O-serogroups of the genus. Only strong reactions (reciprocal titres ranging from 1 : 256.000 to 1 : 1.024.000) were taken into account. They were observed in four heterologous sets: P. penneri 6 and 12 LPSs with the antiserum against P. penneri 11 strain (O58); P. penneri 7 and 40 LPSs with P. penneri 52 (O61) and P. penneri 62 (O64 a,b,d) antisera, respectively. LPS of P. penneri 17 reacted with the antiserum against P. vulgaris 17/57 (O8) to a lower reciprocal titre (1 : 32.000) ( Table II) . Due to the lack of the sera reactions with the remaining tested LPSs, P. penneri 3, 5, 9, 14, 23, 47 and 135, it was necessary to examine the possibility of cross-reactions within this group. Thus, an additional serum against P. penneri 14 was obtained and checked with these antigens using ELISA. This strain was chosen since among seven LPSs from this group, only that one has a known chemical structure of LPS O-polysaccharide and may serve as a future standard to which these LPSs can be compared (Vinogradov et al., 1991) . The strong cross-reactivity of these systems suggests high degree serological similarities of P. penneri 3, 5, 9, 23, 47 and 135 LPSs to P. penneri 14 LPS (Table II) . In order to confirm the obtained results an additional antiserum against one of the tested LPSs cross-reacting with P. penneri 14 antiserum (P. penneri 3 LPS) was selected randomly. This antiserum reacted with P. pen neri 3, 5, 9, 14, 23, 47 and 135 LPSs in ELISA in a way identical to P. penneri 14 antiserum (data not shown).
All homologous and cross-reacting systems were checked in detailed serological studies. In PIH P. pen neri 11, 14, 52 and 62 antisera reacted identically with (or similarly to) respective homologous and crossreacting antigens (Table II) . The complete abolition of the observed reaction after antisera absorption with cross-reacting antigens confirmed the identity of LPSs within the appropriate tested system. Only in one case the absorption of antiserum was not complete. After antibodies specific to P. penneri 3 LPS were removed from P. penneri 14 O-antiserum, immunoglobulins that remained in this antiserum slightly reacted with P. pen neri 47 LPS (reciprocal titre -1 : 400) (data not shown). This reaction probably concerned the core region of P. penneri 47 LPS, which is serologically similar to but not identical with the core oligosaccharide of P. penneri 14 LPS as has been shown in another article (Palusiak and Sidorczyk, 2009 Table I The strains tested * LPSs of these strains were also used as antigens in the work concerning the P. penneri LPS core region (Palusiak et al., 2008) . The authors mentioned the O-serogroup numbers of these strains (in the materials and methods section) on the basis of the unpublished partial results of preliminary studies to justify the choice of antigens.
The strain name
The isolation sources (place) Provided by:
All tested strains (Table I) were collected in the Department of General Microbiology (University of Łódź). P. penneri 12 strain (American Type Culture Collection (ATCC) 33519) is a type strain of P. penneri species (Hickman et al., 1982) .
All polyclonal rabbit Proteus sp. O-antisera came from the Department of General Microbiology and they were obtained as described in another article (Sidorczyk et al., 2002c) .
The bacteria were grown under aerobic conditions in liquid nutrient broth containing 0.1% glucose (BTL, Łódź, Poland) at 37°C. The bacterial masses were harvested after 18 h of incubation, killed with phenol, centrifuged, washed twice with water and lyophilized in order to obtain dry bacterial cells.
Isolation of the LPSs from lyophilized bacterial cells of smooth strains was performed according to the procedures described in detail elsewhere (Westphal and Jann, 1965) .
Alkali-treated LPSs used for PIH and antisera absorption procedures were prepared by saponification of LPSs with 0.25 M NaOH (2 h, 56°C) and followed by precipitation with ethanol.
All serological assays used in this work including: ELISA, Western blot procedure after sodium dodecyl sulfate (SDS) polyacrylamide gel electrophoresis of LPSs, passive immunohemolysis (PIH), inhibition of ELISA and PIH and absorption of antisera procedure 213
The results of PIH and ELISA inhibition were consistent for homologous and cross-reacting systems with only one exception: P. penneri 62 LPS inhibited the reaction with the homologous antiserum in a definitely stronger way than P. penneri 40 LPS did (Table II) . The Western blot procedure also revealed some differences in both antigens specificity: P. penneri 62 antiserum strongly recognized only the high-molecular-mass species from the homologous strain and weakly reacted with high-molecular-mass LPS of P. penneri 40 strain and low-molecular-mass species of P. penneri 62 LPS (Fig. 1a) . In order to find the explanation for the antigenic differences between these two LPSs, another antiserum, directed against P. penneri 40 strain, was added and checked with both LPS preparations in the Western blot technique (Fig. 1b) . This time the antiserum reaction with P. penneri 40 LPS referred only to low-molecular-mass species (strong immunoreactivity pattern) whereas the reaction with the other antigen concerned both high-and low-molecular-mass species (weak immunoreactivity pattern). The reasons for differences in serological specificity of both LPSs could be a different length of their O-polysaccharide chains (shorter O-polysaccharides (O-PS) of P. penneri 40 LPS) and a different composition of antibodies in both antisera (a higher level of core-specific antibodies in P. penneri 40 antiserum). Taking into account the above explanation and the outcomes of PIH with the absorbed P. penneri 62 antiserum (Table II) The other tested antisera, P. penneri 11, 14 and 52 antisera, reacted in the Western blot procedure identically with high-molecular-mass species concerning the O-polysaccharide part of respective homologous and cross-reacting LPSs (Fig. 1c-e) . Some differences were observed only for P. penneri 14 antiserum at the level of low-molecular-mass LPS species (Fig. 1d) . The immunoreactivity patterns observed for the P. penneri 3 and 14 LPSs were the weakest and the difference between the reactivity of P. penneri 47 LPS and the other antigens was the most significant. The classification of Proteus sp. strains into appropriate O-serogroups is based on the serological specificity of the LPSs O-PS mainly, so the small differences in the LPSs core region do not influence this classification.
The last tested antiserum, against P. vulgaris 17/57 (O8), exhibited significantly lower reactions with P. pen neri 17 LPS as compared with the homologous system in all serological methods (Table II, Fig. 1f ). Only the triple absorption of the tested antiserum with P. penneri 17 LPS completely removed all specific antibodies. The final explanation for the serologically different specificity of both antigens (P. penneri 17 and P. vulgaris 17/57 LPSs) was provided by the results of the Western blot procedure. P. vulgaris 17/57 antiserum clearly recognized both low-and high-molecular-mass LPS species from the homologous strain only and slightly bound to low-and high-molecular-mass LPS species of P. penneri 17 strain (Fig. 1f) . To make the serological classification more precise P. penneri 17 antiserum was additionally selected. This antiserum strongly reacted only with low-molecular-mass LPS species restricted to the core-lipid A moiety of both tested strains (Fig. 1g) . It is another example of two antisera of a different antibodies composition: one containing a higher level of core-specific antibodies (P. penneri 17 antiserum) and the other one containing a higher level of O-polysaccharide-specific antibodies (P. vulgaris 17/57 antiserum). Taking into account this observation and the PIH outcomes obtained for the P. vulgaris 17/57 antiserum after its absorption with P. penneri 17 LPS, both strains (P. penneri 17 and P. vulgaris 17/57) can be classified into one common Proteus O-serogroup -O8. It is worth mentioning that all doubts concerning the results obtained for the tested systems have been resolved after using the absorption procedure, a fundamental method in serological classification.
In conclusion, the results of all serological assays performed have led to a classification of the 12 tested P. penneri strains into five different Proteus O-serogroups: P. penneri 17 -into serogroup O8, P. penneri 6 and 12 -O58, P. penneri 3, 5, 9, 14, 23, 47 and 135 -O59, P. penneri 7 -O61 and P. penneri 40 -serogroup O64 (subgroup O64 a,b,d) and allowed completing the serological classification of a unique collection of 128 smooth P. penneri strains collected in the Department of General Microbiology. Seven tested P. penneri strains 3, 5, 9, 14, 23, 47 and 135 formed a new O59 Proteus serogroup and the remaining ones were incorporated into Proteus sp. O-serogroups, which already contained other Proteus strains as shown in table II (Drzewiecka et al., 2004; Kauffmann, 1966; Perepelov et al., 1999; Zych et al., 2000b Zych et al., , 2005c . Only serogroup O8 consists of four different Proteus species and the other four O-serogroups contain P. penneri strains only.
Completing the classification of the collection of 128 smooth P. penneri strains is of high importance for the diagnostics of new isolated P. penneri strains since it may serve as a reference scheme according to which new isolates may be serologically classified.
Proteus classification scheme including 78 O-serogroups is not closed and new Proteus sp. strains isolated from different materials from patients e.g. in Central Poland are the subject of serological investigation (Drzewiecka et al., 2010) . The growing number of multi-drug-resistant strains occurring among P. mirabi lis clinical isolates e.g. in Łódź area (unpublished data) necessitates the development of alternative methods of combating or preventing Proteus sp. infections, often persistent and complicated. Using the classification scheme might be a crucial part of Proteus sp. diagnostics. It will also provide information which O-serogroup is prevalent within a certain area. Such data could be also helpful in choosing proper vaccine antigens (LPS) shared by a large number of strains and in obtaining a protective antiserum.
